could lead to pathological matrix destruction and plaque rupture, which eventually promotes coronary thrombosis and AMI [10] . MMPs are regulated by soluble cytokines and cell-cell interaction. Proinflammatory cytokines, such as tumor necrosis factor-␣ (TNF ␣ ) and interleukin-1 ␤ (IL-1 ␤ ), could induce MMPs in both smooth muscle cells [11] and endothelial cells (ECs) [12] . Recently, C-reactive protein (CRP) was also reported to induce MMP-1 and -10 in ECs. Increased CRP and MMP-10 colocalized in the endothelial layer and macrophage-rich areas in advanced atherosclerosis [13] . As induced MMPs are usually associated with inflammation, it would be interesting to examine the effect of anti-inflammatory therapy on MMPs. One common anti-inflammatory therapy is to selectively inhibit cycooxygenase-2 (COX-2) activity and its major product prostaglandin E 2 (PGE 2 ). Some studies also found that production of several MMPs (MMP-2 and -9) in atheromas was associated with inducible COX-2 and mediated via a PGE 2 -dependent pathway [14, 15] . Hence a widely used COX-2 inhibitor, celecoxib, may effectively prevent MMP induction beyond its anti-inflammatory function. Although the primary effect of celecoxib on CAD remains a matter of debate, some researchers recently reported that celecoxib treatment could have protective effects. Celecoxib has been shown to significantly decrease monocyte chemoattractant protein-1 (MCP-1) expression, macrophage infiltration [16] , and TNF ␣ -induced tissue factor expression and activity [17] . Recently, celecoxib was reported to suppress MMP-1, -2 and -9 secretion induced by cytokines (TNF ␣ and IL-1 ␤ ) [18] . However, its effect on other MMPs remains unknown.
In this study, we found that SAA could induce endothelial MMP-10 expression and that celecoxib could prevent such induction, which was at least partly mediated by PGE 2 .
Materials and Methods

Cell Culture
Primary human umbilical vein endothelial cells (HUVECs, Clonetics) and human coronary artery endothelial cells (HCAECs, Clonetics) were cultured in EGM-2MV medium (Clonetics) with full supplements and 5% FBS. The medium was exchanged every other day until the cells reached 90% confluence. Cells were then trypsinized and reseeded. HUVECs from passages 4-5 and HCAECs from passages 3-4 were used in all of the following experiments.
In SAA treatment studies, cells were cultured to confluence and SAA (PeproTech) was added to the medium at concentrations of 0-20 g/ml for 4-48 h. The normal SAA level is considered to be less than 0.1 M or 1.25 g/ml. Under inflammatory conditions, the maximal levels could be up to 80 M or 1 mg/ml [1] . The concentrations of SAA (1-20 g/ml) tested were within the range that represented low-grade inflammation, a level which has been shown to put an individual at risk of CAD by many clinical studies [2, 3] . Endotoxin levels of ^ 1 endotoxin unit/ g protein in SAA preparation were confirmed by the E-TOXATE test kit (Sigma-Aldrich). In the COX-2 inhibitor study, cells were pretreated with 10 M of celecoxib (Celebrex TM , Pfizer) [16] for 1 h and then treated with SAA 20 g/ml for 24 h. To study PGE 2 , cells were incubated with PGE 2 (Sigma-Aldrich) at a concentration of 0.01-1 M for 24 h since 0.1 M is the effective concentration reported in other studies [13, 14] .
Affymetrix Microarray Analysis
To determine HUVEC gene transcript profiles in the 4 different groups, relative abundance of mRNAs in SAA (4, 24 and 48 h) groups were compared with the control group using the Human Genome U133 Plus 2.0 Array (HG-U133 Plus 2.0, Affymetrix) containing probes for about 39,000 known human genes. Each group had 2 individual samples and each sample was applied onto one GeneChip. Total RNA was isolated from fresh endothelial samples using the RNeasy Mini Kit (Qiagen). In accordance with the Affymetrix protocol, 2 g of purified total RNA were reverse transcribed to cDNA and transcribed to biotinylated cRNA. The labeled cRNA was fragmented, mixed into hybridization cocktail, injected into the GeneChip HG-U 133 Plus 2.0 cartridge and incubated at 45 ° C for 16 h. The arrays were washed, stained and finally scanned using the Affymetrix GeneChip Scanner 3000. The quality of the fragmented biotin-labeled cRNA was ascertained using Test-3 arrays.
Affymetrix Microarray Suite version 5.0 was used to analyze the scanned image. Expression patterns for each duplicated SAA sample (4, 24 and 48) were compared to each duplicated control sample. Hence, each time point had 4 sample comparisons. The robust 'increase' (I) and 'decrease' (D) was defined by Affymetrix as genes flagged with signal log 2 ratio not less than 1.0 and those flagged with signal log 2 ratio not more than -1.0, respectively. If a gene was robustly increased or decreased in all 4 individual sample comparisons, it was labeled as 'I' or 'D', respectively, in the gene list table, which presents the mean value of the signal log ratio of the 4 sample comparisons. Others were labeled as 'NC' which meant 'no change'. The complete signal intensity data were uploaded onto Gene Expression Omnibus with the access number GSE6241.
Gene Expression Level Determination by Quantitative Real-Time PCR (QRT-PCR)
After SAA (20 g/ml) treatments at various durations (4, 24 and 48 h), total RNA was isolated using RNAeasy Mini Kits (Qiagen). The LightCycler RNA Master SYBR Green I kits (Roche) were used to quantify the starting mRNA of MMP-10 and COX-2. The housekeeping gene glyceraldehyde-3-phosphate dehydrogenase was used as an internal control. Primer sequences could be provided on request. Following the manufacturer's manual, 90 ng RNA template, primers, Mn(OAc) 2 and LightCycler RNA Master SYBR Green I were mixed well and transferred to LightCycler capillaries. The program of the LightCycler 2.0 system was set up to carry out reverse transcription, denaturation, amplification, melting curve analysis and final cooling. The crossing point of each sample was measured and the relative treatment versus control ratio of each target gene was analyzed with LightCycler software version 3.5.
SDS-PAGE and Western Blotting
Thirty micrograms of total protein samples were loaded and separated by 12% SDS-PAGE gel. After 2 h of electrotransfer at 90 V, the nitrocellulose membranes were blocked for 1 h with 5% nonfat dry milk and 0.1% Tween-20 in Tris-buffered saline. The membrane was incubated with mouse monoclonal anti-COX-2 antibody (1: 1,000; Caymen) overnight at 4 ° C. After washing, the membranes were incubated with diluted anti-mouse secondary antibody (1: 2,000; Cell Signaling) for 1 h at room temperature. After thorough washing, the blots were developed with the Lumi-GLO substrate (Cell Signaling) for 1 min and exposed to Clear Blue X-ray film (Pierce). For MMP-10 determination, 10 l of conditioned culture medium samples were separated by 12% SDS-PAGE gene and blotted at 90 V for 1 h. Primary rabbit polyclonal anti-MMP-10 antibody (Affinity Bioreagents) was used at a concentration of 1: 2,000 and that of anti-rabbit secondary antibody (Cell Signaling) at 1: 2,000. Bands were quantified by densitometry using a scanner and the Multianalyst software (Bio-Rad). The signals were normalized with ␤ -actin. Evenness of sample loading was confirmed by Ponceau S staining.
MMP-10 Determination by ELISA
Cells of equal density (10,000 cells/well) were seeded onto 96-well plates. After an overnight incubation, they were stimulated with 0-20 g/ml SAA or 0-1 M PGE 2 for 24 h. The culture supernatants were collected and MMP-10 levels were determined using the Quantikine ELISA kit (R&D Systems). Twenty microliters of the culture medium were diluted with 30 l of calibrator diluents and 100 l of assay diluents and then added to a primary antibody-coated plate and incubated for 2 h at room temperature with shaking. After washing, 200 l of MMP-10 conjugate were added to each well and incubated for 2 h at room temperature. Following thorough washing, 200 l of substrate solution were added and incubated in the dark for 30 min for color development. The protein concentration was determined by the absorbance at 450/540 nm after adding stop solution.
PGE 2 Expression Determined by EIA
The level of PGE 2 , the primary product of COX-2, was assessed using a commercial EIA kit (Caymen). Briefly, 50 l of conditioned medium were incubated with 50 l of PGE 2 AChE tracer and 50 l of monoclonal antibody at 4 ° C for 18 h. After thorough washing, 200 l of Ellman's reagent were added to each well and incubated in the dark for 75 min. Absorbance was measured at 410 nm by a microplate reader (Sunrise).
Statistical Analysis
Measurements were expressed as means 8 SD from at least 3 independent experiments. The differences were compared by Student's t test with Bonferroni correction using Microsoft Excel. A significant difference was defined as p ! 0.05/number of comparisons.
Results
Transcriptional Profiling of MMPs, Tissue Inhibitors of Metalloproteinase and COXs
To monitor the potential effects of SAA on endothelial cells, a time course microarray investigation was carried out. We focused on the genes involved in vascular proteolysis, one of the preceding events that may lead to AMI. These genes include MMPs, tissue inhibitors of metalloproteinase and their possible COX regulators. SAA highly induced MMP-10 expression from the 4th h, and the effect was sustained over the 48-hour period of our experiment ( table 1 ), while MMP-19 was only induced at 48 h. The ab- solute expression level of MMP-19 was much lower than that of MMP-10 (data not shown). SAA had no effects on tissue inhibitors of metalloproteinase and other MMPs. We therefore selected MMP-10 for further study. SAA was also found to selectively induce COX-2 but not COX-1.
SAA Induces MMP-10 Expression in HUVECs and HCAECs
To examine the effects of SAA on endothelial MMP-10 expression, QRT-PCR, ELISA and Western blots were carried out to measure MMP-10 at both the mRNA and protein levels. Figure 1 a shows that SAA induced MMP-10 gene transcription from 4 to 48 h in both HUVECs and HCAECs. The data from QRT-PCR were consistent with those obtained from microarrays. Total MMP-10 protein secretion in conditioned medium was also induced by SAA incubation in a concentration-dependent manner using the 24-hour time point ( fig. 1 b) . SAA was shown to be effective at a concentration of 10 g/ml. Moreover, SAA induced both zymogen (56 kDa) and ac- tive form (46 kDa) of MMP-10 ( fig. 1 c) . In HCAECs, MMP-10 production was similarly induced by SAA treatment after 24 h (data not shown).
SAA Induces COX-2 Expression and PGE 2 Production
To find the possible mediator of MMP-10 induction, we further examined the COX-2 pathway. COX-2 mRNA levels were markedly induced by SAA treatment over time with a peak at 4 h ( fig. 2 a) . Its protein expression was correspondingly induced ( fig. 2 b) . PGE 2 is the primary COX-2 product of arachidonic acid and its activity influences inflammation, immune modulation and vascular integrity. Figure 2 c shows that SAA significantly elevated PGE 2 production and that pretreatment with celecoxib (10 M ) could effectively suppress the SAA-induced PGE 2 production. This confirmed celecoxib as an effective anti-inflammatory drug.
PGE 2 Induces MMP-10 Expression
Subsequently, we determined whether PGE 2 could directly induce MMP-10 expression. Our results showed that the addition of 0.1-1 M PGE 2 in culture medium could upregulate both transcription and secretion of MMP-10 ( fig. 3 ) , suggesting that the effect of SAA on MMP-10 induction is probably mediated through PGE 2 .
Celecoxib Inhibits SAA-Dependent MMP-10 Induction
Based on the findings that SAA could induce MMP-10, at least partly, through PGE 2 , and that celecoxib could block PGE 2 production, we next measured MMP-10 expression levels in both HUVECs and HCAECs in another set of experiments to test the effect of celecoxib pretreatment on SAA-dependent MMP-10 production. The SAA-induced MMP-10 secretion in conditioned medium was significantly suppressed by celecoxib preincubation in both ECs ( fig. 4 a) . Furthermore, both the proactive and active form of MMP-10 was inhibited by celecoxib ( fig. 4 b) . However, celecoxib did not influence the transcription level of MMP-10 ( fig. 4 c) . Interestingly, celecoxib also inhibited TNF ␣ -induced MMP-10 secretion ( fig. 4 a) . 
Discussion
In 1999, Ross [19] proposed that atherosclerosis is an inflammatory disease and that inflammatory factors play key roles in atherogenic processes such as ECM destruction and plaque rupture. Many soluble cytokines have been shown to initiate matrix degradation through MMP induction and activation [20] . Our time course study has shown that SAA could exert a very significant effect on the expression of MMP-10 in human endothelial cells and that the induction could last for at least 48 h. With the addition of 20 g/ml of SAA to the endothelial cell culture medium, MMP-10 gene transcription and protein production could be markedly increased. Both the precursor and active form of MMP-10 were shown to be elevated. These phenomena have not been reported before in earlier studies involving SAA.
Our results suggested that among MMPs, SAA had a specific effect on the expression of MMP-10 only. MMP-10 has not been as well studied as MMP-2, -3 and -9 [21] . However, recent studies have demonstrated that MMP-10 is similarly associated with vascular diseases and has important functions like other MMPs. MMP-10 (or stromelysin-2) has a wide substrate repertoire, which includes most of the ECM proteins and proteoglycans except for intact fibrillar collagens [10] . Recently, elevated MMP-10 levels were reported in subjects with higher carotid intima-media thickness [13] and were associated with inflammatory markers (fibrinogen and CRP) [22] . MMP-10 was also reported to activate MMP-1 and accelerate capillary tubular network collapse and regression of collagen matrices in vitro [23] . Another study examined the cardiovascular abnormalities in histone deacetylase 7 mutant mice and suggested that their impaired vascular integrity was caused by overexpression of MMP-10 [24] . These findings all pointed to the fact that MMP-10 may contribute to vascular diseases such as atherosclerosis. Although the regulation of MMP-10 remains to be elucidated, some studies revealed that MMP-10 could also be induced by TNF ␣ and ILs [25] . Recently, Montero et al. [13] found that CRP, another acute-phase protein, could induce MMP-10 expression and activity in human ECs. Our study showed that SAA could exert a significant effect on the expression of MMP-10 in both HUVECs and HCAECs, confirming that SAA could have similar effects as other cytokines. Since MMP-10 contributes to ECM degradation, SAA may have another direct role in atherosclerosis beyond merely being proinflammatory.
We subsequently attempted to identify the possible mediator of MMP-10 induction. The inhibitory effect of celecoxib suggested that the COX-2/PGE 2 pathway may be involved in the regulation of MMP-10 expression. Higher expression of COX-2, PGEs and MMPs were found in symptomatic atherosclerotic lesions, especially at the plaque shoulder [14] . The -765 G ] C polymorphism of the COX-2 gene was reported to have led to a lower expression of COX-2 and MMPs [26] . The same study also found an association of the polymorphism with a decreased risk of myocardial infarction and stroke. In addition, other studies have shown that PGE 2 (0.1 M ) could directly induce MMP-2 and -9 expression in monocytes [14] and macrophages [15] . In our study, PGE 2 (0.1-1 M ) treatment could directly induce MMP-10 expression. Our results suggested that the induction of MMP-10 by SAA and TNF ␣ may be mediated through the COX-2/PGE 2 pathway.
With increasing evidence of the association between inflammation and atherosclerosis, anti-inflammatory therapy such as COX-2 inhibition has been proposed as a preventive strategy for CAD [27] . However, reports from clinical trials regarding the efficacy and effects of COX-2 inhibitors or coxibs are currently controversial. Some clinical trials had demonstrated that administration of coxibs, such as celecoxib, may lead to an increased cardiovascular risk [28, 29] . On the other hand, a recent systematic review of observational studies of coxibs suggested that rofecoxib may increase the risk of cardiovascular events, whereas celecoxib does not [30] . Interestingly, celecoxib treatment was found to significantly decrease MCP-1 expression, neointimal hyperplasia and macrophage infiltration in a rabbit atherosclerotic balloon injury model [16] . Some recent in vitro studies also ex- amined the pleiotropic effects of celecoxib based on the inflammatory status induced by TNF ␣ or IL-1 ␤ stimulation. Steffel et al. [17] demonstrated that 10 M of celecoxib could decrease TNF ␣ -induced tissue factor expression and activity in human aortic endothelial cells, whereas rofecoxib and NS-398 had no effects. Since MMPs play a role in atherosclerosis, the effects of celecoxib on MMPs have also been investigated. Celecoxib was reported to suppress the secretion of MMP-1, -2 and -9, which were induced by cytokines (TNF ␣ and IL-1 ␤ ) in rheumatoid fibroblast-like synoviocytes [18] . Our study has demonstrated the proinflammatory effects of SAA in highly inducing COX-2 expression and PGE 2 production. Based on the selective COX-2 induction by SAA treatment, we further pretreated ECs with celecoxib (10 M ) and its effect was confirmed by the suppressed PGE 2 secretion. Since PGE 2 was found to directly induce MMP-10 expression, it is logical to observe the inhibitory effects of celecoxib on SAA-induced MMP-10 expression and activation. Similar suppression was also observed in TNF ␣ -induced MMP-10 expression. This first study on celecoxib and MMP-10 shows consistent results with previous studies of MCP-1, tissue factor and other MMPs. Therefore, celecoxib may play a beneficial role in preventing matrix degradation and CAD. We speculate that COX-2 inhibition (or PGE 2 inhibition) is protective. Other coxibs, such as refocoxib, may have a different mechanism of action, thus increasing the risk of CAD. Another interesting finding from this study is that celecoxib inhibits MMP-10 at the level of protein production but not at transcription, perhaps through its specific effect on factors involved in translation. Alternatively, in the absence of any direct evidence, we may speculate that a feedback mechanism might be involved. At the initial stage, celecoxib may block MMP-10 mRNA and hence subsequent MMP-10 protein production. However, when MMP-10 levels in the cells dropped below a certain threshold level, the feedback mechanism might be initiated to upregulate MMP-10 transcription in an attempt to restore homeostasis. In any case, the net effect was a decrease in the protein level, which is more important functionally than at the transcription level. In summary, the effects of SAA and celecoxib on MMP expression were investigated, and SAA was found to markedly induce MMP-10 expression, whereas celecoxib was found to prevent such induction. The MMP-10 induction was at least partly mediated through PGE 2.
